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The Clinch River Study—an Investigation of the Fate of
- <oy
f s .
! Radionuclides Released to a Surface Stream Cus Mo -
S | | —
e By R. J. Pickering, P. H, Carrigan, Jr., and F. L. Parker ! }
ABSTRACT 4, To evaluate the overall usefiln.ssof
The Clinch River Stusy is & multizgancy affort 1o evaluare 1'}1? ziver for radicactive-waste -€isposal
i thephysical, chemical, and bioiagical effects of tha releasc 1. parposes,
e Clinch River of law-lavel radjoective wnstes from the Ou: 8. To recommend long-term monritoring
9 1 Ridge National Laderacary. The major radianuclides teivase. srocedures s
N2 ars tuthenium—106, ceaiymeld?, cobalt-60, and strontium-90 ’ '
Gt fiydrologic and bislogic studies have indicnted that the radia.
.,,3' i “z,, d”'las‘d.' in :hlgdfivcr are well below maximum .!c“wb‘hh The study is under the general supervision
A levals. fadienuelide cc?‘:znu:::_onl in rnl\;‘e.‘ Ev;\_lcrh xlv; Tﬂ; of a steering committee composed of repre-
; :‘::,',"? ﬁ;‘v‘.,'.‘f“i’x.‘.'.“.’;‘,’.,’ﬁ.’fe'. c:T:;l:tnion: foe":‘i \::ehcof sentatives of the Oak Ridge National Laborae
sempling indicate th;: losses da‘f radicnucliles Eramlzhe wuter tory (ORNL), the Ternessee State Department
L R I A, el TS of Public Health (TDPH), the Temnesaes ciens ;
| Game and Fish Commission (TGFC), the :
§7 A study of the Clineh River bottom-nadiment cores callcetad Tennessee Valle Authority (TVA), the U.S !
in 1962 bas dincloned a recureing patteen of variution in endio. . . 24 exis s b :
sctivity with depth which may ceflect past events in waatc, Atomic Energy Commission (AEC), the U.S, ;
“|ig | Cispousi operaticns at the laboratary. Current investigations ‘ieological Survey (USGS), and the U.S. [ublic :
\Jﬁ [ ore expected to provide information abaul the chemical forma Tiealth Service (USPHS) (Morten, 1961}, In-
" in which the major radionyclides exiat and the mechuninms by . A :
i {  which they wera incorporated in the sacdimenls. vestigations are carried out by personucl of .
; the various agencies under the direction of i
bt four subcommittees of the steering commit- :
4 ! INTRGDUCTION tee, namely: Aquatic Biology, Safety Evalua-
- The Clinch River Study 18 a mulitiagency txon,sW:ter Sagnplmg_ and Ar:ly sis,‘ and Dot~
effort to evaluate the physical, chemical, and tom Sediment Sampling and Analysis.
‘blological effects caused by the disposal in .
% [ the Clineh River of low-level radioactive f The Clinch River heads in Virginia and
—iy § % Wastes from the Ok Ridge National Labora- Ows southwestward to join the Tennessee
§ | ;7toryd at Oak Ridge, Tenn, The sty dy, begun River at Kingston, Tenn, (fig, 1), At its
- Csin 19 ) ) mouth the drainage ares of the Clinch River
n 1889, has the following objectives:
: is 4,413 aquare miles, At the farthest down-
lt. To determine the fate of the radicactive ?t:::::” gn: gg:g :;n:nmriz’eonmvivleo; t‘;p.g'“:l:
vy . muterials currently being discharged to th g » V18 ° € L.in
- ﬂ%,iver. y & g e River is 4,612 cfs (cubic feet per secound),
‘ ¥ ;nf' Todetermine and understand the mech- Sased on & 28-year period of measuremant,
| by M3 of dispersion of radionuclides re- K
i 'f “leaged to the ,E,-.,-, ° 1 During the first 3 years of the Clinch River {
s { Zl:d To evaluate the direct and indirect ha- in:i}:: I;g;ﬁsa !?’agme,)at milt: 79.81011 the Clinch :
=i 8 of currem disposa " n th i +®) was the only major cone £
‘°d,._ b Piver, disposal practices in the trol structure on the river, Releases :rom ¢
o ; - \“& [ 4
[ JRpp . C $ The abhrevistion "CRM? (Clinch River Mile) followed &
: : s“-""v-’l&:;c?.?“p:&d P'ol:," ‘c‘tlm';ah"'iﬂbsc‘r‘?fl”'u’ warshet m'ﬁ::‘::« in thig r:;an to"drmp.t)to :i:;‘;cc :p:
H eratad b.y Uniar ér'rb‘d l‘{ g h°“:’ & A W'E.r* “ream, in milss, {rom the meuth of the rivar, This terminology
¥ C”M!m'og_ arvide Comp, for the U. S, mi¢ Lnetgy 1< cangifient with prior ussge in tha Clineh River Stucy {(M..mton,

Lafl),

g000340




2 CLINCH RIVER STUDY—RAMONUCLINES RIZLASTD TC A SUNFACE STREAM

Norris Reservoir are largely made on ‘he
basis ol demmand for electric power, In May
1563 contro: of Now hegan at Melto: HilL Dam:
which is at CRM 23.1 on the Clinch River,
2.3 miles upstream from the mouth of White
osk Creek, where radioactive wagte from
ORNL enters the river, The Melton Hill sys-
tem {5 1o be & "peaking” powerplant, which 15
one that is operated mainly during perijods of
peak demand for power and ghut down a¢
other times,

The Clinch River below Whiteocak Croek is
affected by backwater from Watts Bar Dam,
which is an the Tennessee Hiver 37,2 mileg
downstrearm from the mouth of the Clinch
River und a total of 58,6 miles downstream
from the mouth of Whiteoak Cresk., Refors
construction of Melton Hill Dem, thermaliy
stratified flow occurred in the lower Clinch
River from spring to fall because th: cold
water released from Norris Ruservoir flowec
under the relatively still, warmed backwater
of Watts Bur Reservoir, The effect of the
operation ¢{ Melton Hill Dam or temperature
conditions in the river js not yet known,

Since 1643, low-leve! radicactive wastas
derived from the Laboratory's Process Waste
Water Treatment Plant, solid-waste hurisl
grounds, liquid-waste seepage pits, and other
miror sources of radioactivity have enterad
the Clinch River through Whiteouk Creek
(fig. 1). The radionuclides in the wastes are
largely fission productg—=—cesium-137, strone
*lum-89 arnd 90, ruthenium=103 and 1G§, and
nthers—but also include some activation
products, such as cobalt-80 and zinc-63.
Continous monitoring of radionuclide concen-
trations at the point of release to the river
ard downstream st CRM 4.5 has showr. that
concentrations are well within the imits ree-
cmmended Ly the National Commiitee on Ra-
diation Protection,

Whiteoak Creek drains an area of 8 square
miles, which {neludes the Laboratory area,
I'$ average discharge is about 10 cfs, most
of which is derived from surface runolf, A+
the present time, ite waters are imprunded
irn Writeoak Lake by Whiteoak Dam, which is
downstrearr. from all sources of radioactive
wastes and 0.6 mile upstream from the Clirch
River, The srea covered by Whiteoal Lake
al the present elevasion ¢f the gates, 714 feot
#bove mean sea level, is 19,1 acres. Ton use
ol Whiteoal: Lake for impoundment of radic-
cCtive-wasic water wad dessridec in mowe
dotall by Mortes (1251),

AQUATIC BIOLOCY AND SAFETY EVALUATIQq

The radioruclide content cf piant ang .,
mal life in the Clinch River hashecn stugy,.
by the Teology Section, Healt!: Physicg Div..
sion, ORNL, and the Radiological Healty .
search Activities Group, Radislogica) Heay,
Division, USPIIS, All preliminary eaumm;‘
of public consumption of fish, ingestion
water, and exposure due to use of the Fives
for recreational purposes indicated rediatiy
dosages that were below mavximum perm:.
sible levels, Calculation of estin.atad futue, |
dose rates is continuing. Results of the big. |
logical studies were reporied by Mersgs
(1861, .1962a, 1962b, 1963),

e v
L]

MAXIMUM CONCENTRATION OF RADIOACTIVITY

L

HYDRAULIC STUDIES

The capacity of the Clineh River to 5.
perse radioactive materials has been g;.
sesscd through a series of hydraulic testy
Radioactive gold-188 was usecd ag a tracer i
the early tests, wheress rhudamine-p anj
pontacyl brilliant pink-B flusrescent dyes
have beer used in more recen: tests, Ia
these tests, the longitudinal distunce dows.
siream to the crogs section of compiete lan
erul diffusion, the variation ¢f piak concer
tration with distance, and the times of travel
havebeen determined, Times of waier trave
observed in the tests compare closely wits
times computed on thebasis of the continuily
equation, Nearly uniform lateral mixing o¢-
curs within 46 miles downstream from the
mouth of Whiteoak Creek. Variation of ecn
cantration with distance is shown in figurei
{or two of the iracer tests.

CORRECTED FOR DECAY {prpc/mi)

WATER SAMPLING AND ANALYSIS

A network of seven water-sampling st
+iong onthe Clinch and Tennessee Rivers ¥
established under the direction of the S
committee on Water Sampling and Analysit.
Samples were collected reguiarly at the i#".
tions for material-balance smadies of PFHKzE’
radicnuclides rcleased to the river syst®: 'm
and for infermaticn on the ssable-chemits
cornposition of the river water, S:tationlec®
tions are listed in table 1, Water sampl"_l
were composited weekly onthe vasis of watf’ 3§
discharge and were analyzed for major ¢
mincr radioactive~ and stakble-chamical e ]
stituents. Arnulyses cf stable-ghemsicsl C°f: b
sililuents wers made v personne) of ke T":_
ness:z2 Siream Pollution Ceniroe }Ecaf_d",'
Nashviila, Tern,, andradiochericsi '.m;lys.fi-;
by pareonral of the Division of Vndiclogl™ [
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WATER SAMPLING AN ANALYSIS k]

T N ' - ; r )

— e —

. — : . T ! I
© 9.7 curies Au'P® INJECTED IN LINE ACROSS
- MOUTH OF WHITEOAK CREEK (cRM
> 20.8) IN PERIOD OF BO sec.
3 WHITEOAK CREEK DISCHARGE {7 cfs
'5'% CLINCH RIVER DISCHARGE 20,200 cfs
43
gy ® 7.5 curies Au’®® INUECTED IN LINE AcROSS
g3 MOUTH OF WHITEOAK CREEK IN
T 0 PERIOD OF 67 sec .
;g 50 | WHITEOAK CREEK DISCHARGE 6.7 cfs
Sc CLINCH RIVER DISCHARGE 7990 cfs
25 A R A
e 20 — i & i )
'ga ,{\ ¢ >N | ;' 5
& k ; —— ——
3 ) ,l : r
50 3 ! | O~
X I :’ |
2 | | |
2 ,' :‘
| |
| ]
1 {

et {9 17 15 13 {1 9 7 5
CLINCH RIVER MILE

Pigure 2, ~Reduction of maxlmum concentratioy of gold-198 with disunce during two tacer studies In the Clinch River,

e ' Table !.—-Watemampling stations, Clinch River Study
g5 m ] SR
e swea [Stroem oe
P TT—— } -
i ; lOak Ridge water-treatment-olant intaki,....._..______ Clinch River_____ 4.5
i : [Whiteoak Dam LT Whiteoak Creek _ .8
§:" ‘ iCenterg Ferry.....-......-..-..--.....; ........... Clinen River__.. 3.5
i_-:- 5 e B e LTI e Tennessee River o 52'.8
§ 5 O R TR 5209
y , Chlckamauga T I L ' 4710
: ’Oak Ridge Gageous Diffusior Plant, Wi epetriiiment- Clinch River_____ ! i.,8
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4 CLINCH RIVER STUDY: RADICNUCLIDES RELEASED TO A SURFACE STRFAN

Health, USPLS, at the Robert A, Taft sanitary
Engincering Centcr, Cincinnati, Chie, The
major radionuclides in the Clinch River wa-
ter are ruthenium-106, cesium-137, cobalt60,
and strontiuma90, Most of the cesium-137 is
associsted with guspended sediment having a
diamersr greater than 0,7 micron, whereas

the other three radionuclides sre associated -

with finer suspended sedimert or are dis-
golved in the water,

The amount, orload, ofa given radicnuclide
which passes a sampling point during z short
period of time can be assumed to be cqual to
the product of the average radionuclide cone
centration at the sampiing point during that
period of time and the flow of water that
passes the point during the same period, If
there were no loss of the radionuclide from

lations (table 2; figs. 3, 4, 5, €) indicq, o

station at the Oak Ricge ‘wach.t“u :
plant at CRM 41,5 plus the loag ,..e““:--.
througn the Whiteoar Craek 8umpling ;tafi
at Whiteoak Dam should equal the loag ;_‘11
ing the sampling station at CR\w 55‘(“‘
fig. 1). .

The resuits of mass-balance (load) el -
during the study period virtually a1 the _?;
thenium-106 in the Clirnch River Water ‘ .
transported downstream into the Tem":‘g
River, A gmall part of the stmntium.gc_'ifg
the river water was avparently log T
miles of downstream movement. The eaiey. !
lated loads of cesium-137 and eobajt.; ¢
Which show apparent gains betwaen the p. !
of release to the river and the downatry,, |
sampling station, cannot be consideregy, !

; the Clinch River water as it moved down- liable because most ¢f the reported ot |
: stream, thc» load passing the *backyround® trations of the two nuclides in Sumples fr.
.i
v 1800 ( |
I i
! | z
b = |
? !
: 4500 CLINGH RIVER MILE 8,
| 4
i - {
; F: |
! w |
i O i
' ~ 1200 |
g |
= |
= ‘ ’
g 900 3 CLINCH RIVER MILE 41.§
- : PLUS WHITEDAK CREEK
s
[
g
| = 60C
E
300 |
; o}
f . .
; 0 5 I 2c 25 | 30 i 3L |
g ’ ‘ TIME (weeks) , , :
! NOVI  DEC AN & FEB . MAR . AGR | mMay | JunE JULY 1 AUS ;
: 1960 tag4 )
Figure 3, ~CQureglativg bvi ¢ ¢ suasntum <108 in che Clinsh River water for 8 44~wzek poriad,
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WATER SAMILING AND ANALYSIS b
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CUMULATIVE LOAD, C37 (owries)

CLINCH RIVER MILE 4¢.5
PLUS WHITEQAK CREEK

)

0 5 10 | 15 20 25 | 30 3 | 40 45
| } TIME {wesks) ‘

NOV! PEC JAN FEB MAR apr | mar | JunE JULY AUG | SEPT
1960 1961

Figure 4, —Cumulative load of cesium=137 in the Clinch River water (or & 44-week pariod,

CRM 5.5 {32 of 44 determined cesium-137
concertrations and 26 of 44 determined

, cobali-80 concentrations) were at or below

the lower limit of detectablility for the analyt-

* ical procedure used. True gains may have

ocgurred as a result of local movement of
bottor sediment or cesorption reactions, but

- this cannot be mroved or disproved with the
“available data,

Stable~chemnical analyses of the Clingh
River water from the sampling station at the
Oak Ridge wates-treatment plant show the
Water 1o have an average hardness (as cal-
¢lum carbonate) of 106 ppm (parts per mil-
lion), a dissolved-solids content of 125 PP,
8nd 3 pH of 7.7, The Clinch River water may
M‘

in C0eenTtiens of ruthendum 108, cesium-137, and eobalt€
Witee samples wers Gecsermined by gamma-specteum saalysis

Profmmmed through & digital cumputer, Stroutiwn-590 concen

¢ Y001 ware determined by wet-chamical separaticn and betu
Sunting,

be classed as moderately hard, On the basis
of its chemical composition, which do:s not
vary greatly, it may be called a caletum bi-
carbonate type of water,

Teble 2.—Cumulative radionuciide loads in the Clinch
River water for the period November 13, 1960, to
September 16, 196)

Cumulative load
(curies) Gain or
Radionuelide Mile 41.5 , lsvi:nt)
plus White- [Mile 5.5/ 'F°

cak Dem !
Ruthenium- 106 1680 | 1800 + 7
Cosium-137... 18,9 24.3 «22
Cobalt-60..... 24,81 28.3 + 8
Strontium-80 . 277 24.1y -13
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6 CLINCH RIVIR SUDY-=RADIONUCILIDES N.LFASFb TO A SURFACE STRE M
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BOTTOMAEDIMENT SAMPLIYG AND ANALYSIS 1

'O el ' ‘ | i 1 B
1 ‘, ] * 1 ; | |
CLINCH RIVER MILE 41.58 { | |
25 PLUS WHITEOAK CREEK— -~ ‘
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Flg}u 6. —Cumulative load of strentium «20 in the Clinch River water for 1 44swauk pertod,

BOTTOM-SEDIMENT SAMPLING AND ANALYSIS

Cross-section composite samples, obtained
from five cross sections in the Clinch River
downsiream from Whiteoak Creck, have
showr. the particle-size distribution in the
bottorn gediments to be 15-20 percent clay
K2 microns), 50-80 percent silt (2-82 mi-
crons), and 25=-30 percent sand (82 microns)
(Morton, 1862b), The clay-size fraction of the
sediment is composed largely of vermiculite,

mieg ! kaolinite, randomly interstratified

vermiculite-mica, and fine-grained quart:z.
The sand and silt fractions ¢’ the sediment
tre composed almost entirely of quartz, An
Sppreciable consent of calcium carbonate in
the gediment has been indicated by indirect
*vidence, but relative concentrations have

. U0t yet heen determined,

The uptake, or sorption (McBain, 1850), of
::‘:micalconstituents trom liquid systems by

ur i - i ; ;
~ural gediment -forming minerals hag becn

[
No dictinerion iy made here betwean mica and illice,

investigated extensively during the past sev-
eral years. Sorption of radionuclides by
river sediments was studied by Carrittand
Goodgal (18%53), Barker (1858), Jucobs and
Tamurs (1960), and others. The importance
of radiocesium uptake by the clay minerals
hasbeenwell established, and Tamuraand Ja-
cobg (1560) showed that the 2:1-1ayer ¢clay min-
eralshaving & c spacingof 10 A selectively
sorb cesium, Tarnura (1863) further showed
that hydrous iron oxides and aluminum
oxides, whichare common minor constituents
in many sediments, selectively sorb stron-
tium. The well-known fact that certain radio-
nuclide-sorption reactions are reversible
has been emphasized by Reynolds' (1963)
description of desorption reac:ions which
nceur when fresh-wuter sediments eater a
radically different chemical ernvironment,
such as the ocean, Work on radionuslidzup-
take by river sediments has been sgumma-
rized by Sayre ané others (1863) and by
Kornegay and others (1963),
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8 CLINCH RIVER STUDY=-RADIONUCLIDES RILTASID TO A SURFACE STREAM

Toole 3.—=Conccutrations of specific radionuclides in tire upper part of the Clinck River bottom sediments

!

' 4 sati -2
Clinch River ‘ Radionuclide concentration (10°¢ uc/kg) Inta
mile Ruthenium«108* | Cesium-137 | Cobalt-50* | Strontium-90? TREED - Gf-tggg GAMAZ
i ' (o} f
' 6T nmnan 1,08 €.22 0.788 0.086 | 0,y |  P=OTOGRAPHZ
58 1,81 10.6 1.42 841 2 o A e
8. 1,43 7.21 .998 188 13 SRes.
B.0ccearcanae- 4,13 11.2 1,85 .189 4.88 DETAILED PR’
8.0 .ccccavacas 3'34 8.85 1,08 171 4.42 3 SELECTED
10.0n meenenne 1.81 7.97 752 J18 2y !
1100 ccaceacane 4,80 18,7 1.89 .423 7.0 ]
12.0ceccceccaa 2,81 L8 1,24 212 5.4¢ G
130 cccccccane .12 i7.6 .84 .252 .85 |
14.0ccocccanes 1,33 10.8 1.18 .184 280 . ‘
14.6 e cacaanes 4.41 18.1 1,85 347 5.6 - |
188 o oeeeeas 2.16 0.71 977 490 3 o .
16.0 cenenannna .815 3.54 347 077 150 .
16,8 cccncecana 5.99 13.2 i.22 140 5,88 °
188 cenermannce 2.12 16.1 1.29 230 30
10,8 e cccncane- 2.18 7.12 .923 . 108 2.48 '
208 ciieanannn 8,80 108 8.32 1.68 | 204 !
21,6nccccnnn-c- 2,84 7,03 653 44| 3,00
22,5 emmen- .{ 1.36 2.48 .334 009 | 140 | L
!Gamma-spectrometer analysis, *
2Chemically separated before counting, - ' Longitudina! |
8Trivalent rare earths plus yttrium-8§0, . Sector of All {
. AUTQRADIOGRA
Surveys of radiocactivity in the Clinch River trated the radionuclides in the bottom sedi- ¢ CUTFACE.
bottorn sediments have been conducted annu« ments enougk to make them easily measure: § ?ﬁ,’;‘"E‘D"ngF F'u
ally since 1851 by the Applied Health Physics able, In areas of tne river where continuous | ¢ v
Section of the Health Physics Division, ORNL, sedimentation has taken place, the sediments | o
and have indicated that a part of the radionue provide a record of net radionuclide removal |
clides released tothe river has been retained from river water as it passed downstreaz |
in the bottom sediments (Garner and Kochtt- throughout the period of release from tht} é" oss sect!
zky, 1958; Cottrell, 1956), Samples collected Laboratory, f .Tore recover
by the Applied Health Physics Section and the . Be longest «
'USPHS and a bottomesediment-coring pro- In the summer of 1962 a comprehensivt} ..}
gram conducted in 1960 by personnel of the sampling of the Clinch River bottom sedi- | *Plans for |
Radicactive Waste Disposal Research Section ments through the entire thickness of th} cated diagra:
of the Health Physics Division, ORNL (table radioactive zone was conducted by personndl | . xpected that
3), have provided a measure of the conten: of of the USGS and ORNL, The samples wertii . “fffcitnt {nf
cesium-137, ruthenium-106, cerium-144, zine « obtained through the use of the Swedish Fol ,;f;“’mit
65, cobalt-80, zirconium-nicbium-85, stron- Sompler (Pickering, 1965), a device WHEE 1
tium-50, and the trivalent rare earths in the tases undisturbed sediment cores -1f .';ed‘ . T):e tot:
upper part of the sediments (Morton, 1862b). inches in dicmeter. The sampler utilizes®l m‘:mtm‘d" -
‘ piston and thin steel strips (foila)to decress f-v,, . 2n ',F )
Although material balances computed from ccmpaction due 1o ‘riction between the sa ¥ “clide he dLe
analyses of water samples indicate that the ple Tube and the sediment while the core ¥ 7.7y fr;n the
mass of radionuclides in bottom sediments Leing taken and to prevent loss of core vhilet ?“min.e;- e '_f-‘-ii-i
represents only a small part of the total the cora tube is being raised to the surfac® g /'.ﬁedtmuos'm‘
mass released to the river, physical anc More than 150 cores were obtained # U737 ¢ ';hms.
chemical processes (nthe river have ¢oncen cross seciions on the Ciinch River &0’ tign of &:flf
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CUT FACE.,
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FREE CaCCy
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RADIONUCLIDE ANALYSIS
SIZE DISTRISUTION

EXCHANGE CAPACITY

ORGANIC MATTER

Longitudina!
Quoarter=-Sector
of
Selected Cores

——— TN
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. F\j Selected Segments:
RADIONUCLIDE ANALYSIS,
SEPARATION BY SI2ES;

. MINERALOGY OF EACH

SIZE cLass
t. RADIONUCLIDE CON-
CENTRATION IN EACH
SIZE CLaSS
€. EXCHANGE CAPACITY OF
EACH S12E CLASS
FREE CoCOs.
FREE OXIDES.
ORGANIC MATTER.
AGE DETERMINATION;

0. RADICCHEMICAL,

6. PALYNOLOGICAL ANALYSIS
RADIONUCL!DE DESORPTION
CHARACTERISTICS.
EXTRACTION AND ANALYSIS
OF INTERSTITIAL WATER.
SPECIAL CHEMICAL AND
PHYSICAL SEPARATIONS.

Figura 7, =Acalysis of hottomesadiment ¢ores,

4 cross gections on two tributary gtreams,
Core recovery was excellent at most gites,
The longest core obtained was 14 feet long.

+ Plans for processing the cores are indi.
cated diagrammatically {n figure 7. 1t ig

expected that the analyses listed will provide

. Sufficient information to determine the fol-

lowing;

2 which L .

2-1/i
iilizest }
ecreast |

wurface: |
v ogb ML
er &b |

- 1, The total load of each of the major ra-
dicnuclides in the Ciinch River bottom sedi-
Mentg, .

2 The distribution of the major radionu-
cldes in the sediments,
mie -0¢ digtridbution of the various size,
mln.oralogical, and organic fractions of the
Sediments,

4. The relationships between the distribu-

- ton of ¢pg mejor radlonuclides and the com-

Position of the sediments,

ran, The chemical form of each of the majer
“lonuelides in the sadiments,

| G SR -

By A p.
0 88, ansay -ea o - e
— I 3 N
b 09 S Y T
P .

Determination of the total load of radionu-
clides in the Clinch River bottom sediments,
when compared with total releases to the ri-
ver {rom Whiteoak Creek since 1943 (14,000
curies), will permit a quantitative estimate
of the effectiveness of the sediments in
removing radionuclides from the river water.
It will also provide a check on material-
balance calculations baged on analyses of
water samples. The other determinatiens
listed in figure 7 are directed primarily to-
ward an understanding of the mechanisms by
which the radionuclides were incorporatedin
the sediments. Serption, particle gedimenta-
tion, and chemical Precipitation were prob-
ably ihe principal mechanisms involved,

Thelower limit of the radiocactive zone and
the vertical distribution of gross gamma
radicactivity in the cores collscted in 1882
have been determined by scanning ea.u intact
core with a device known as a core scanner
(fig. 8). Tha core geanner coneisss o a 3x 3.

R0O00348
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CLINCH RIVER STUDY-~RADIONULIDES RILEASES TC A SURFACE STREAM

i
,
l !
'3

I -
g
L
3x 3. hAc'J CRYSTAL "\, _.— CORE iy s
0 PLASTIC n,:.t "
PHOTOMULTIPLIER TUSE &
eeinicod R ;
SHIELNING 2 A : :
MULTICHANNEL | : f
ANALYZER SCALER : ' ol SRR i
AND PUNCH AND PRINTED ! B RS .
TAPE READOUT TAPE READOUT o SR '
« !
\STEPPING PULLEY ;
MECHANISM 1
STERFING INTERVAL 2x2x 2m. !
CONTROL COLLIMATOR ;
Figure R, —Care tcannes. '
ineh sodium iodide scintillation crystal ard radiosctivity discharged to the Clineh River:
matched phototube enclosed in a 4-inch-thick is transported downstrecam in the Clinch e
cylindrizal lead shield. A collimating opening Tennessee Rivers in the water phage.. Vey
2x 2x2inches, leads from the core “well” 1o low radionuclide concentrations in the lowe =
the scintillation erystal. A calibrated hoisl Tennessec River make detection fartherf =~
automatically moveia the core vertically past downstrearn impractical.~ A small percen. -
the collimator in 2-inch increments, Thx sge of the radicactivity has boeen incorpor- |, &,Q

phototube output can be routed either through
& scaler for determination of gross gamumia
radicactivity or to a multichannel analyzcr
for determination of the concentration of
individual gamma-emitting radionuclides in
each incretnent,

Results of gross gamma scanning of corcs
from CRM 7.5 are shown in figure 9, In the
cross section note the distribution of tha
radioactive. sediments and the recurring
pattern cf grogs gamma activity with depth in
several of the cores, The results of visu:!
logging and the determination of thi vertical
distribution of individual radionuclides in
selected cores are hoped to provide informia-
tion which can be used to correlate specilic
sediment horizons in some of the cores with
specific past events in waste disposal oper- -
tione at the Laboratory, The existence I
other “dateable” physical or chemizal pro; -

erties of the sediments will also be invest: -
gated,
STATUS OF THE CLINCH RIVER STUDY
Since the Clinch River Study was ity 2
in 19807, considerahle progress 'as  hoon
made toward meeting the objectves listed -
the introduction of this naper. alat -*ri:-

balance studiss have shown tha: must

) clay-mme*al particles, Because this partw ;

ated in bottom scdiments of tiwe two rivars, !
A part of the radicactivity in both the water |
and bottom sediments is associated with
organic matter,

Time-of-travel and dispersion studieshave ¢
outlined some of the hydrologic character |
istics of the Clinch River which affect the
eoncentration of radioactive waste pasey
downstream points, A few additional tests
after power releases begin at Melton HI
Dam will satisfactorily complete this pha%® p >
of the study, T i

Laborgtoryand field studies have indzczndz
that cesium-137 is introcuced to the rivtf
and transported largely as a sorbed jon @

ular sorpiion reastion is not rcadily revers’
ible under fresh-water conditons, the ine¥
poration of cesium in river-bottom sedimé
is probably controlled izrgely by sedn‘ﬂ“‘
tien processcs. Results of dﬂsowpdonl
change capacity, and other tests being 12
formed on Clinch River bu;o:n-scdm"
sa.:::ples will provide further informatic? :
the chemical form of the other .ad‘ozsw—"'
inthe sedimonts and cnthe ove rail usefaln>
of the river for disposal of rudivactive ""s'e
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